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Long-Term Research Objectives:

Advance the understanding of the mechanics of polymers and polymer composites. Develop
predictive capabilities as well as experimental characterization and validation tools for the
mechanical behavior of these materials. Further develop our knowledge of structure-mechanical
property relationships for this class of materials.

ONR Science & Technology Objectives:

To determine design criteria and reliability of economical thick-section fiber composites and
sandwich core materials. To critically evaluate and then recommend or develop failure models
suitable for numerical analyses.

Approach:

Develop novel experimental tools and use them to characterize the multiaxial failure and fatigue
behavior of materials for thick-section fiber composite structures. These tools include
capabilities for applying well-defined biaxial and triaxial stress states. These experiments are
carefully chosen to provide results that can be used for discriminating evaluation of predictive
failure models.

Science & Technology Completed:

Additional results were obtained this year for the study of fatigue response of thick-section,
laminated fiber composites under interlaminar stresses. Using a new experimental technique, we



have demonstrated that interlaminar shear fatigue lifetime is greatly enhanced by the
superposition of through-thickness compression stress. The fatigue lifetime curve is well
described by a single characteristic curve that is simply normalized to static strength. We have
found that this result also holds true for performance degradation due to moisture absorption.
Relatively low levels of moisture (less than 1 wt.%) were found to significantly reduce the static
strength and fatigue lifetimes of a composite system at elevated temperature. When fatigue data
is normalized for the static strength reduction, the single characteristic curve obtained from
measurements of dry materials adequately predicts the performance degradation due to moisture
absorption.

We have completed a study of the effect of superimposed pressure on the longitudinal and
transverse compression strengths of two composite material systems. These experiments were
performed for the purpose of critically evaluating proposed three-dimensional failure criteria for
thick-section composites. While no single failure criterion predicted the observed relationships
between compression strength and pressure, we found that a stress-based criterion1 that accounts
for fiber- and matrix-dominated failure separately did the best overall job of predicting at least
the trends of strength change with pressure. The popular tensor polynomial theory was found to
be the least accurate in predicting experimentally observed results. It was also found that this
failure theory, as well as the commonly used maximum strain and stress criteria, predicted failure
under pure superimposed hydrostatic pressure. None of the experimental results indicated that
this mode of failure occurred in either of the two materials examined.

A study of the failure of low-density materials for cores in sandwich structures is just beginning.
One goal is characterize the failure envelopes under various conditions of combined stress,
temperature, and environment. Preliminary results from biaxial tests indicate that a simple two-
parameter, pressure-dependent yield criterion can predict the failure envelope for combined
through-thickness shear and normal stresses.

Impact/Navy Relevance:

The significance of the study of failure and fatigue of thick-section composites under combined
interlaminar stresses is the potential for greatly reducing the cost of characterizing the reliability
of these materials. Although further study of other material systems is needed, these first results
indicate that a significant amount of fatigue lifetime performance may be predicted using a single
fatigue curve with the static strengths for different temperatures and moisture absorption levels.
Furthermore, the finding that through-thickness compression can enhance both strength and
fatigue life can be exploited in structural design, especially at joints.

The studies to evaluate failure criteria using tests under superimposed hydrostatic pressure will
help guide the selection of rational theories for thick-section composites. The selection of a
single, validated failure model is still one of the most significant outstanding problem in the
discipline of fiber composite materials. Our results to date have already revealed the more
successful failure models for a fiber composite lamina.



Planned Research Efforts:

During the next year, further characterization of the failure and fatigue of thick-section
composites under combined stresses will be made to determine the generality of the observations
made to date. These studies will incorporate the low-cost materials, both fiber composite skins
and low-density cores, currently used in ship sandwich structures. Results will be used to
continue critical evaluation of failure models. The end results will be pertinent data for reliability
of Naval composite materials and selected failure criteria for numerical simulations and design
studies of ship structures.

Technology Transfer:

We continue to maintain working relationships with DoD laboratories including the NSWC
facilities at Carderock, MD and Dahlgren, VA, as well as the Army Research Laboratory at
Aberdeen, MD and the Advanced Research and Engineering Development Center at Picatinny,
NJ. Significant results are reported annually at workshops held at several of these facilities. We
also have significant interaction with the USCAR consortium, which seeks to provide the basic
research and build the confidence required to use fiber composites in primary automotive
structures.
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Other Sponsored Science & Technology:

1. “Advanced Composites Technology, ” Joint DoD/DOE Advanced Munitions Technology
Program, $400K/yr. 10/98 to 9/03. Technology development for application of thick-section
fiber composites to new munitions concepts and designs.

2. “Simulated Aging of High Explosives,” DOE Enhanced Surveillance Program, $350K/yr.
10/98 to 9/01. Characterize fundamental aging mechanisms in plastic-bonded explosives and
develop methodology to produce aged material for performance studies.

3. “Simulation of Fiber Composite Crashworthy Structures for Automotive Applications,” DOE
Office of Transportation Technologies. $500/yr. 10/98 to 9/00. Characterize dynamic
properties and failure mechanisms in tubular composite structures and develop computer
simulation tools for energy absorption processes.

4. “Stress-Rupture Lifetimes of T700SC Carbon Fiber,” Toray Industries, Inc. $100K 10/97 to
10/99. Determine stress-rupture lifetimes for unidirectional carbon fiber composites.
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